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PEGylated asparaginase (pegaspargase) can be administered via intramuscular (IM) injection or
intravenous (I'V) infusion with a hypersensitivity reaction (HSR) incidence ranging 3—41%. We
evaluated grade X33 HSRs when given IM vs. IV on six Children’s Oncology Group (COG)
leukemia trials (2003-2015) to determine differences in HSR rates. 54,280 doses were
administered to 16,534 patients. Considering all doses of pegaspargase during induction,
consolidation, and delayed intensification, grade >3 HSR rate with IM injection was 5.4% (n=
482/8981) compared to 3.2% for IV (n=245/7553) (p < .0001). If only the second and third doses
of pegaspargase were analyzed, where the majority of grade 3 HSRs occur, the rate following IM
injection was 10.1% (n = 459/4534) compared to 5.0% (n = 222/4443) for IV (p < .0001). On
standardized treatment protocols conducted by the COG during 20032015, grade >3 HSR rates to
pegaspargase occurred less frequently with IV infusion than IM injection.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy, accounting
for 25% of all cancers in children <15 years of age [1]. Outcomes have steadily improved
over time with overall mean survival now >85%, [2] in part through the incorporation of
asparaginase with multi-agent chemotherapy. The predominant asparaginase preparation
used in contemporary ALL therapy in North America is PEGylated Escherichia coli
asparaginase (pegaspargase) which can be administered either via intravenous infusion (IV)
or intramuscular (IM) injection. The mechanism of action of asparaginase is the enzymatic
breakdown of asparagine and glutamine into aspartic acid, glutamic acid, and ammonia. As
lymphoblasts cannot synthesize asparagine, a necessary amino acid for cell growth and
differentiation, the absence of asparagine from surrounding sources leads to diminished
lymphoblast survival [3]. Through its prolonged depletion of asparagine, pegaspargase
results in reduced DNA, RNA, and protein synthesis leading to cell death [3].

As all asparaginases are foreign proteins with strong immunogenicity, allergic, and/or
anaphylactic reactions are reported to occur in 3—41% of patients receiving asparaginase
therapy [4—8]. When IV infusion of pegaspargase began to replace the IM injection as the
predominant route of administration in North America there were reports of a greater rate of
hypersensitivity reactions (HSR) following IV infusion [9,10]. Although these reports were
primarily single institution case reports with a limited number of patients, concern over the
rate of HSR with IV administered pegaspargase was growing amongst pediatric oncology
providers. We therefore evaluated the reported HSR rate following pegaspargase therapy on
six Children’s Oncology Group (COG) ALL clinical trials conducted between 2003 and
March 2015 to determine if there was a difference in the rate of grade 33 HSR between IV
and IM administration.
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Toxicity data from six COG ALL trials (AALL0232/NCT00075725, AALL0331/
NCT00103285, AALL0434/NCT00408005, AALLO7P4/NCT00671034, AALL0932/
NCT01190930, and AALL1131/NCT01406756) (Supplementary Figure 1) were analyzed
for HSR adverse events attributed to pegaspargase. Investigators performed all human
investigations after approval by their local Human Investigations Committee and in accord
with an assurance filed with and approved by the Department of Health and Human
Services, where appropriate. In addition, such data was anonymized to protect the identities
of subjects involved in the research. All investigators obtained informed consent from each
participant or each participant's guardian. See Table 1 for a description of each of these trials
that includes the dates of patient accrual; number of evaluable/evaluated patients; number of
protocol-specified pegaspargase doses and the treatment phase it was to be administered; the
phase of therapy evaluated for HSR to pegaspargase and the number of doses reviewed; and
whether concomitant protocol specified steroid therapy was to be administered during the
treatment phase. Patients with Down syndrome were not included in this analysis as these
patients were not consistently included across all six COG studies in this analysis. Patients
with NCI Standard-Risk (SR) ALL received a standard COG BFM backbone which did not
include pegaspargase during Consolidation or Interim Maintenance while patients with T-
ALL or High-Risk (HR) B-ALL received a COG augmented BFM backbone where
pegaspargase was given twice during Consolidation and twice during Interim Maintenance,
when escalating methotrexate with pegaspargase was used. Trials AALL0331 [11] and
AALLQ0932 enrolled 5164 and 5195 patients with SR B-ALL respectively, in which for the
purpose of this analysis, we included only those patients that received a total of two doses of
pegaspargase (n = 1380) for a more homogeneous comparison, excluding patients on
AALLO331 randomized to augmented Interim Maintenance and Delayed Intensification (DI)
where two extra doses of pegaspargase were given. Patients enrolled on AALL0232 [12]
(HR B-ALL) or AALL0434 [13] (T-ALL or T-lymphoblastic lymphoma (LL)) randomized
to escalating methotrexate with pegaspargase for Interim Maintenance I were excluded from
the analysis when comparing total rates of grade >3 HSR. However, these patients were
included for comparisons for pegaspargase grade >33 HSR occurring after dose #2 or #3
(during Consolidation) to provide a more uniform group of HR B-ALL and T-ALL/LL
patients receiving similar therapy. These analyses did not include HR and Very High-Risk
(VHR) patients with B-ALL who enrolled on AALL1131 and were randomized to
experimental arms 1 or 2, or patients who were enrolled on AALLO7P4 [14] and randomized
to receive EZN-2285 (calaspargase pegol; SC-PEG). The dose of pegaspargase across all six
trials was 2500 IU/m? with no dose capping allowed on protocol with an infusion time of 1—
2 h recommended for intravenous administration.

For each trial, sites were required to provide information regarding specific toxicities using
the NCI common toxicity criteria adverse event (CTCAE) versions 3.0 or 4.0 (National
Institutes of Health, Rockville, MD). Grade 3 HSR were defined as grade X3 allergic
reaction or anaphylaxis according to the CTCAE version 4.0 or allergic reaction/
hypersensitivity in version 3.0 (Table 2). In May 2009, CTCAE version 4.0 replaced version
3.0 for adverse event (AE) reporting, therefore trials AALL0932 and AALL1131 were
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prospectively graded using version 4.0 as they opened to accrual after this date and the
remaining trials in this analysis (AALL0O331, AALL0232, AALL0434, and AALLO7P4)
using version 3.0 had to be retrospectively graded to meet AE reporting for version 4.0. All
data collected in CTCAE version 3.0 were therefore mapped to version 4.0 in the COG
database using NCI’s mapping software. In all of these trials except AALLO7P4, only grade
33 toxicity data were collected by the COG and therefore only grade >3 HSR are reported in
this analysis. AALLO7P4 assessed all grades (including grade 1 and 2) of toxicity because
the trial randomized patients to receive either pegaspargase or a new PEGylated formulation
of asparaginase (calaspargase pegol; SC-PEG) that used a succinimidyl carbamate (SC)
linker rather than the succinimidyl succinate linker used in pegaspargase [14]. The second
and third doses of pegaspargase accounted for 71% of all HSRs and thus were primarily
used to assess grade X3 HSR rates (Figure 1). All six COG trials included protocol language
strongly discouraging use of premedication with antihistamines to decrease the risk of overt
allergy symptoms to pegaspargase.

Statistical methods

Results

The six COG trials analyzed in this report include two studies for SR B-ALL (AALLO0331
and AALL0932), two for HR B-ALL (AALLO0232 and AALL1131), one for T-ALL, and T-
LL (AALLO434) and a pilot study investigating calaspargase pegol in HR B-ALL
(AALLOQO7P4). Data current as of 31 March 2015 for these studies were included in this
report. Rates of toxicities were compared using a Chi square test with p values .05 being
considered significant.

Tables 1 and 3 summarize the protocols and patient characteristics across all six trials. In all,
54,280 doses of pegaspargase were evaluated in 16,534 patients, of which 33,179 doses were
specifically compared for grade >33 HSRs after IM (21,797 doses) and IV (11,382 doses)
administration. The studies varied in the number of pegaspargase doses administered; time
interval between pegaspargase administration; whether steroid therapy was part of the phase
of treatment when the pegaspargase was administered; type of ALL treated; and the age of
the patients enrolled on study (Table 1). Patients with SR B-ALL enrolled on AALLO0331 or
AALLO0932 received only two doses of pegaspargase while the HR patients with B-ALL and
patients with T-ALL/LL received five or more doses. Most patients included in this analysis
received pegaspargase via IM administration compared to IV (8981 vs. 7664; p <.0001).
Patients with SR B-ALL had a similar distribution of IM vs. IV pegaspargase (5164 (IM) vs.
5195 (IV); p=NS) compared to patients with NCI HR B-ALL and T-ALL/LL who received
a greater number of IM doses (2771 vs. 1962; p= .02 and 1046 vs. 507; p=.72,
respectively). When including all regimens, patients who received IM pegaspargase were
more likely to have a grade 3 HSR after dose 2 or 3 during Consolidation/Delayed
Intensification compared to patients receiving IV pegaspargase (10.1% vs. 5.0%; p <.0001).
Similarly, grade 33 HSR were more common after doses 1 through 5 during all treatment
phases for IM compared to IV (5.4 vs. 3.2%; p < .0001) (Table 4).
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When comparing rates of grade >33 HSR to pegaspargase in patients with NCI SR B-ALL
based-on phase of therapy (Induction or DI), there was no significant difference comparing
route of administration (IM vs. IV) during Induction (0.23 vs. 0.33%; p = .35), however,
there was less 33 grade allergic reactions/anaphylaxis during DI with IM pegaspargase
compared to IV administration (0.51 vs. 1.86%; p=.0005) (Supplementary Table 1).
Additionally, the overall rate of grade X3 HSR to pegaspargase across all treatment phases
for SR patients enrolled on AALL0331 was significantly lower following IM administration
compared to patients on AALL0932 with IV administration (0.4 vs. 1.3%, p < .0001).

When comparing rates of grade 3 HSR to pegaspargase in patients with NCI HR B-ALL or
T-ALL/LL based on phase of therapy (Induction, Consolidation, or Delayed Intensification),
there was no significant difference between IM and IV pegaspargase (Supplementary Table
1). In addition, grouping the HR and T-ALL/LL patients across all studies (AALL0232,
AALLO0434, AALL1131, and AALLO7P4) who were to receive a greater number of
pegaspargase doses, there was no significant difference in grade 3 HSR comparing IM vs.
IV (14.1 vs. 12.1%, respectively; p=.08) (Table 4).

The grade 33 HSR rate was higher with IM compared to IV administration when all multi-
dose (>2 doses) regimens evaluated were aggregated, whether only the second and third
doses were assessed (the HSR prone doses) or all doses during Induction, Consolidation and
DI (Figure 2). Overall, when all regimens and all doses of pegaspargase were evaluated up to
the end of DI, the HSR rate in 8981 patients treated with IM pegaspargase was 5.4%,
statistically more frequent than the 3.2% rate reported in 7553 patients receiving I'V injection
(p <.0001) (Table 4).

Of the six COG trials evaluated in this report, AALL0434 and AALLO0232 are the most
informative regarding grade >3 HSR based on their similar chemotherapy backbone for the
control arm, having the same number of pegaspargase doses and timing of therapy, the same
Interim Maintenance 1 randomization (high-dose methotrexate vs. escalating methotrexate
with pegaspargase), and same overlap in study period (2007-2011) (Table 1). Additionally,
AALLO0434 was the only COG trial of the six without significant differences in patient age,
WBC, race and/or ethnicity between patients receiving IM vs. IV pegaspargase. The rate of
grade X3 HSR for the second and third doses of pegaspargase during Consolidation, without
concomitant steroid therapy, in the 3529 patients treated on these two studies ranged from
14.3 to 13.6% for IM pegaspargase compared to 10.6% for IV (p=.048 and 0.14,
respectively) (Supplementary Figure 2).

Discussion

This analysis of children, adolescents and young adults with ALL treated on six COG
clinical trials provides the largest collection of data regarding grade X3 HSR to pegaspargase
based on route of administration. This report covers a 13-year period during which two
important changes occurred. First, IM pegaspargase was replaced with IV administration and
second, there was a significant change in how HSR events were reported from CTCAE
version 3.0 to 4.0. Overall, we found the rate of grade 33 HSR to pegaspargase based on
route of administration occurred less frequently with IV infusion than IM injection. There
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are varieties of potential confounding variables that may have contributed to these
differences, which include different reporting practices for HSR that occurred with IV
infusions vs. IM injection, variations in corticosteroid administration prior to the dose of
pegaspargase as a component of protocol specified therapy, and/or patient demographics.
Regarding age, we found that serious HSR occurred less frequently in patients less than 10
years of age regardless of route of administration compared to those older than 10, where
when serious HSR were to occur, they were reported more often after IM pegaspargase vs.
IV (13.2 vs. 4.9%; p < .0001; Table 3). Similar findings were seen based on presenting WBC
and patient ethnicity where serious HSR were more common after IM pegaspargase
compared to IV administration (Table 3). After adjusting for ethnicity, WBC, age and the
number of pegaspargase doses given (2 doses vs. >3) in multiple logistic regression analysis,
serious HSR rates were higher after IM administration compared to IV (Table 5).

In evaluating the pegaspargase doses during Delayed Intensification (dose 4 and 5), the
grade X3 HSR rate for either IV or IM routes were much lower than during the
Consolidation phase; likely the result of the patients who were significantly allergic being
removed from the group at risk. In addition, patients likely became more immunosuppressed
as they progressed further into their treatment regimens and therefore may have become
immunotolerant to subsequent doses of asparaginase, particularly when considering the
higher doses of dexamethasone delivered during Delayed Intensification.

AALLO0434 is likely the most definitive trial to compare the difference in grade >3 HSR rate
for IM vs. IV pegaspargase. This trial is of greater significance for this assessment because
the route of pegaspargase administration was changed from IM to allow for IV
administration after about two-thirds of the patients were accrued (13 August 2012), and is
the only study in which the comparison of IV vs. IM administration can be performed within
the same clinical trial. AALL0434 had a total of 1046 IM-treated patients compared to 507
I'V-treated patients. The results of this study identified no significant difference in grade 33
HSR for the 2nd and 3rd pegaspargase doses during Consolidation between IM (13.6%) and
IV (10.6%). In addition, a previous comparison of HR B-ALL patients enrolled on
AALLO0232 and AALL1131 where IM and IV pegaspargase was administered respectively,
identified similar rates of grade 33 HSR to pegaspargase during Consolidation (14.4 vs.
12.6%; p=.18) [15].

The different version of CTCAE reporting across studies that may have influenced the grade
of HSR reported. In 2009, the CTCAE HSR definitions and grading were changed to include
more signs and symptoms of HSR and specific grading criteria. The net effects of this
change translated to increase reporting of HSR due to providing two separate categories;
allergic reactions and anaphylaxis. Previously in CTCAE version 3.0 a single category
existed with allergic reaction/hypersensitivity. As well, version 4.0 added ‘any’ intervention
or infusion interruption as an AE when previously only ‘parenteral medication’ was
specified. This change stated that any medication intervention or prophylaxis
(antihistamines, nonsteroidal anti-inflammatory drugs, and narcotics) were criteria for HSR
reporting. The enhanced AE definition also resulted in increased reporting of HSR
specifically due to IV infusion since the new criteria added ‘infusion interruption’, including
‘brief interruption of infusion” which previously did not exist. As IM injections cannot be
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interrupted (other than by withholding a subsequent injection if multiple injections are
required to administer one dose), this AE could only be reported with IV administration.
Thus, in fact a higher rate of HSR could be expected with IV compared to IM
administration. COG studies with patients on treatment at the time of the CTCAE
modification (AALLO0331, AALL0232, AALLO0434, and AALLO7P4) had their HSR
retroactively adjusted to fit the new criteria which may have unintentionally introduced error

into the reporting.

Concomitant steroid therapy may have influenced whether a grade 3 HSR occurred
following pegaspargase administration. None of the doses of pegaspargase administered
during the Consolidation phase of therapy was given with a steroid and the first (or only)
dose of pegaspargase administered during Delayed Intensification was given after three to
four days of dexamethasone. Thus, the regimens varied as to whether dose #2 of
pegaspargase was administered with dexamethasone. Taking this into consideration, the
higher overall rate of grade 33 HSR that occurred in the multi-dose regimens of
pegaspargase compared with the two dose only regimen, where co-administration of steroids
occurred, may be explained in part by concomitant steroid therapy.

We identified significantly lower rates of grade 33 HSR when pegaspargase was given IV
compared to IM when including all regimens for doses 2 and 3 during Consolidation and
Delayed Intensification and doses 1 through 5 across all treatment phases. A possible
explanation for the difference could be the inclusion of infusion interruption as a grade 2
allergic reaction in CTCAE version 4. As a HSR to pegaspargase will often occur
immediately (within seconds to minutes of the start of the infusion) when administered IV,
possibly before the reaction can escalate to serious (grade 33 allergy/anaphylaxis), the
infusion could be stopped and medication given which would keep the AE at a grade 2 and
therefore not reported as a grade >33 HSR. In contrast, IM administration of pegaspargase
provides the patient with the entire dose of asparaginase which could result in more severe
or prolonged HSR graded as grade 33 and might be in part the reason more patients were
observed to have grade >33 HSR when given IM compared to IV across all regimens.

In subgroup analysis, only patients with SR B-ALL who received two doses of pegaspargase
treated on AALLO331 receiving IM pegaspargase had a significantly lower rate of grade >3
HSR compared to similar patients enrolled on AALL0932 where pegaspargase was given I'V.
However, the clinical significance of this difference is limited, as both groups reported
extremely low rates of grade >3 HSR below 2%, and thus IV administration tends to remain
the preferred route of administration in these patients given the relative ease of delivery over
IM injection. The interval between the initial sensitizing dose of pegaspargase and the
second and third doses may explain some of the variability we observed between SR and HR
patients. The lower rate of grade >3 HSR for SR patients contrasts to those who received 3
doses of pegaspargase and reported considerably higher-grade >3 HSR rates (ranging 9—
15%). Likely, the second antigenic exposure elicited a hyper-amnestic response resulting in
a higher HSR rate with the third dose. It is not clear, however, why the two dose less-
intensive regimens had a higher-grade 3 HSR rate with IV infusion compared to IM
injection. It is possible the infusion of pegaspargase may be associated with a greater rise
and peak of serum ammonia levels compared to IM injection [16-20] which can result in a
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variety of symptoms mistaken as HSR including nausea, vomiting, headache, and rash
[16,21]. As hyperammonemia secondary to asparagine depletion is more likely to occur
following IV infusion than IM injection, more AEs may have been reported as HSR and
attributed to IV pegaspargase. Whether the AEs observed with IV administration of
pegaspargase-included non-immune mediated infusion reactions rather than true
hypersensitivity is unknown. However, as greater than 98% of SR two dose-treated patients
did not have a grade >3 HSR renders the higher rate with IV infusion reported clinically
insignificant. Additionally, likely the most direct comparison in patients with HR ALL
during Consolidation therapy where doses 2 and 3 of pegaspargase are given and the
majority of 3 HSR are to occur, similar rates of 33 HSR were reported between IM and IV
administration (14.1 vs. 12.1%, p=.08). In conclusion, grade >33 HSR rates to pegaspargase
occurred less frequently with IV infusion than IM injection on standardized protocols from
>200 medical centers across the US, Canada, Australia, and New Zealand conducted by the
COG during 2003-2015, and importantly no deaths (Grade 5 HSR) were reported among the
16,645 patients treated with 54,280 doses of either IV or IM pegaspargase.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

COG trials evaluated for IM vs. IV grade >3 HSR reactions.

Page 12

COG AALLO0331

COG AALL0932

COG AALL0232

COG AALLI1131

B-precursor ALL-NCI standard risk (ages >1 year and <10
years)

Route of pegaspargase administration evaluated:

Accrual interval: [open [closed]

Number of patients entered

IM Amendment to ‘May give IV’ on 5/30/11 occurred
after accrual closed

4/15/2005 | 5/28/2010
5305

Excluded intensive/experimental arms of the post Induction randomizations for LR and SR, on which additional doses of

asparaginase were administered

Number doses of pegaspargase administered:

Treatment phase evaluated for HSR and number of doses
evaluated:

Concomitant steroid (therapy component):

B-precursor ALL-NCI standard risk (ages >1 year and <10
years)

Route of pegaspargase administration evaluated:
Accrual interval: [open | closed]
Number of patients entered

Number doses of pegaspargase administered:

2 (1 during induction, 1 during delayed intensification
(DD

DI (1899 pegaspargase doses)

Yes (dexamethasone days 1-7 & 15-21); pegaspargase
given day 4 OR 5 OR 6

IV IM not permitted

8/9/2010 | still accruing

6614

2 (1 during induction, 1 during DI)

Excluded P9904 based regimen for LR and regimen for HR, on which additional doses of asparaginase were administered

Treatment phase evaluated for HSR and number of doses
evaluated:

Concomitant steroid (therapy component):

B-precursor ALL-NCT high risk (ages >1 year and <31 years)

Route of pegaspargase administration evaluated:

Accrual interval: [open | closed]

Number of patients entered

DI (2300 pegaspargase doses)

Yes (dexamethasone days 1-7 & 15-21); pegaspargase
given day 4 OR 5 OR 6

IM Small number of patients who received IV toward
end of study were excluded

4/15/2005 | 1/21/2011
3083

Excluded patients who received extended induction on AALL0232. Patients assigned to receive escalating methotrexate
with pegaspargase in Interim Maintenance phase, were excluded from the comparison of hypersensitivity rates in DI. The
study was amended (04/04/2011) after accrual was completed to change from IM to allow IV administration of PEG.
Patients who were in DI after 04/04/2011 were excluded from the above comparison.

Number doses of pegaspargase administered:

Treatment phase evaluated for HSR and number of doses
evaluated:

Concomitant steroid (therapy component):

B-precursor ALL-NCT high risk (Ages >1 year and <31 years)

Route of pegaspargase administration evaluated:
Accrual interval: [open | closed]

Number of patients entered

5 (1 during induction, 2 during consolidation, and 2
during DI)

Consolidation (5006 pegaspargase doses)
No
IV IM not permitted

2/27/2012 | Still accruing
1768

Excluded patients assigned to experimental arms 1 or 2 of the VHR randomization on AALL1131.

Number doses of pegaspargase administered:

Treatment phase evaluated for HSR and number of doses
evaluated:

5 (1 during induction, 2 during consolidation, and 2
during DI)

Consolidation (870 pegaspargase doses)
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COG AALLO7P4

COG AALL0434

Concomitant steroid (therapy component):

B-precursor ALL-NCI High-Risk (ages >1 year and <31 years)

Route of pegaspargase administration evaluated:
Accrual interval: [open | closed]

Number of patients entered

Page 13

IV IM not permitted
7/21/2008 | 9/4/2012
54

Patients assigned to receive escalating methotrexate with pegaspargase in Interim Maintenance phase were excluded from
the comparison of HSR rates in DI. Only patients who were in induction, consolidation or DI before 8/13/2012 were
included in the HSR analysis. Patients randomized to calaspargase pegol were excluded.

Number doses of pegaspargase administered:

Treatment phase evaluated for HSR and number of doses
evaluated:

Concomitant steroid (therapy component):

5 (1 during induction, 2 during consolidation, and 2
during DI)

Consolidation (86 pegaspargase doses)

No

T-cell ALL & T-cell non-Hodgkin lymphoma (lymphoblastic lymphoma) (ages >1 year and <31 years)

Route of pegaspargase administration evaluated:

Accrual interval: [open | closed]

Number Patients Entered

IM — IV Amendment on 8/13/2012 permitted IV
administration hence both IM and IV could be evaluated
on this trial

1/22/2007 | 7/25/2014
1649

Patients who were in induction, consolidation, or DI before or after 8/13/2012 were considered to have had IM or IV

routes, respectively.

Patients assigned to receive escalating methotrexate with pegaspargase in Interim Maintenance phase, were excluded from

the comparison of hypersensitivity rates in DI.
Number doses of pegaspargase administered:

Treatment phase evaluated for HSR and number of doses
evaluated:

Concomitant Steroid (Therapy Component):

Number of pegaspargase doses evaluated for HSR:

3 or more, depending on randomization

Consolidation (2300 pegaspargase doses)

No

15,893 of which 2300 were evaluated during
consolidation (763 patients for IM administration and
397 patients for IV administration

NCI: National Cancer Institute; IM: intramuscular; IV: intravenous; LR: low-risk; SR: standard-risk; DI: delayed intensification; HSR:

hypersensitivity reaction.
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Table 5

Multiple logistic regression.

Multiple logistic regression

959% Wald Confidence

Effect Odds ratio limits p Value
Group: IM vs. w* 1.59 1.35 1.87  <.0001
Ethnic: Hispanic or Latino vs. Not Hispanic/Latino (ref) 1.04 0.87 1.25 .65
Ethnic: Unknown vs. Not Hispanic/Latino (ref) 0.96 0.62 1.47 .77
WBC: >0 K vs. <50 K (ref) 0.79 0.65 095 .01
Age: 210 yrs vs. <10 yrs (ref) 0.93 0.77 1.13 47
Dose: dose 3+ vs. dose 2 (ref) 13.60 10.29 1796  <.0001

*
Reference for logistic regression.
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